Increasing social awareness and strict legal regulations regarding the quality of discharged wastewater (the strategy 'end-of-pipe') have encouraged the development of new, more efficient methods of wastewater treatment. Following the strategy of 'clean production', the wastewater treatment processes should also adhere to the rules in force clean technologies.
In traditional precipitation methods, metal ions are introduced to the solution by adding a coagulant [Buzzini et al. 2007] . Electrocoagulation is another way of introducing metal ions. In this method, metal ions can be released to the solution through electrolysis with the use of suitable reactive electrodes [Grøterud and Smoczyński 1992] . Removal of phosphorus compounds using metal dissolution, as proposed in the current paper, is a variant of the chemical precipitation method described in detail elsewhere [Wysocka and Giza 2011] . This method is based on similar premises as the electrocoagulation method; however, metal ions are introduced into the treated solution as a result of spontaneous corrosion process and, after further transformations in the wastewater environment, become responsible for the removal of phosphates.
The best results were observed under anaerobic conditions using steel fillings [Wysocka, and Krzemieniewski 2007] . Although using aluminium filling is possible, it requires considerable effort to remove the passivation layer of aluminium oxides present on the surface of the metal, complicating the treatment process When steel is exposed to wastewater, the corrosion process became very intensive.
Iron corrosion in a solution deficient in oxygen produces iron ions in the form of Fe 2+ . As a result, metal reduction is observed on the anode (electrode corrosion) (Equation 1) [Wysocka et al. 2001] .
Anode: Fe m → Fe 2+ + 2e
The rate of iron corrosion is usually determined by the rate of the much slower cathodic reaction (cathode control 
Generally, the anodic reaction can be presented as follows In addition to the formation of hydroxides, other compounds (such as Fe 3 (PO 4 ) 2 ) are also formed in wastewater. Similar to the process of coagulation and adsorption, it results in precipitation of residues containing phosphorus compounds.
In addition to electrochemical corrosion, the biological corrosion caused by a wide range of wastewater microorganisms is also very important, especially in wastewater conditions. This issue is quite complicated because of the large number of coexistent phenomena and further research of specific cases is required, taking into particular consideration the types of treated wastewater and the treatment processes.
MATERIALS AND METHODS

Experimental setup
The experiments were conducted under anaerobic conditions in reactors (5 L in capacity) with steel filling in the form of spiralshaped wires. The steel filling was made of steel wire (with a contact area of 0.54 m 2 ), with a diameter of 2.2 mm and an iron content of 48%.
In addition, to eliminate the effect of other factors (except filling)
on the changes in the treated wastewater parameters, analysis of the wastewater after passing through the reactor without the filling was performed to establish a reference point. For analytical measurements, 0.5 L of wastewater samples were collected every three days and filtered through medium hardness filter paper. An analysis of the filtered liquid was performed.
Analytical methods
The specific electric conductivity was determined by a conductivity meter with automatic temperature correction (Conmet 2 HI 3292 ATC Conductivity Probe, Hanna Instruments) and pH by a pH meter (Mikroprozessor-pH-meter HI9107, Hanna Instruments).
The total alkalinity was determined by potentiometric titration.
The iron content in the samples examined was determined with spectrophotometric method following measurement procedures provided by the manufacturer (the phenanthroline method).
The arithmetic means were reported. The posed hypotheses used for the estimation of the differences between the particular elements were verified using analysis of variance or t-Student test. It was assumed that the differences were statistically significant at p < 0.05.
RESULTS AND DISCUSSION
Precipitation methods, such as the conventional precipitation Also the analysis demonstrated that the metal dissolution method resulted in a very high reduction in the concentration of orthophosphates, exceeding 90% ( Fig. 1 ). In the current study, the orthophosphate removal efficiency ranged from 77%
(0. The method of applying the precipitating agent (i.e. metal ions) to the solution is the basic difference between the three methods.
Whilst the conventional method of chemical precipitation requires a suitable preparation and dosage station of the coagulant and often additional aeration of the wastewater, the other two methods have lower requirements in these respects [Kobya et al. 2003 ].
The difference in energy consumption between the electrocoagulation process and the metal dissolution method is also significant. In the electrocoagulation process, the introduction of metal to the solution requires considerable energy expenditure to about 2.9 mS·mL -1 and then a decrease of this parameter, practically 0 mS·mL -1 (but it was aluminium electrode).
However, during the treatment carried out using the metal dissolution method, stable or slightly increased specific electric conductivity was observed (from 1.1 to 1.2 mS·mL -1 for the synthetic wastewater prepared on the basis of powdered milk and 6.2 to 7.1 mS·mL -1 for the synthetic wastewater prepared on the basis of beef stock), which confirmed the previous discussions (Fig. 2) .
The final applicability of the coagulant is determined not only by Use of the proposed method of metal dissolution (with steel fillings) ensured total alkalinity stability of the wastewater, and sometimes even a slight increase was observed (with 0.10-6.6 mval·L -1 -comparison of the results from the wastewater after passing through the reactor without the filling). In the current study, it ranged from 10.00 to 15.60 mval·L -1 in the treated wastewater prepared on the basis of powdered milk (Fig. 3) .
No chloride or sulphate ions were introduced into the solution, which may explain the results.
Conventional precipitation methods also often required
performing a correction of the pH because of the changes caused by the introduction of sulphate or chloride salts [Buzzini et al. 2007 ]. According to Kobya et al. [2007] , with the same initial pH, the final pH is 7.9 in electrocoagulation but 2.9 in conventional precipitation (FeCl 2 ). But there are numerous factors that determine the pH change required and should be considered every time given problem individually.
During the corrosion processes that release metal ions to the solution, no significant so large changes of pH reaction, as in the case of conventional precipitation, were observed. In the current study, the solution averaged between 7.0 and 8.7 pH (Fig. 4) , which significantly simplified the treatment process. which were capable of decomposing the layer of oxide. In this case, removing phosphorus using aluminium was more complicated. In addition, the price of aluminium is much higher than that of iron, which often disqualifies it.
Applying the metal dissolution method made it possible to reuse the waste scrap metal, which is an environmentally friendly option. It is an additional aspect that should be considered when choosing the phosphorus compound removal method. The latter determines the advantages and disadvantages of the particular methods.
CONCLUSION
The electrocoagulation and metal dissolution methods were characterised by a lack of increase in wastewater salinity that occurred in the traditional precipitation method.
After the treatment, an increase in the concentration of sulphates and chlorides was not observed. During the experiments carried out using the metal dissolution method, stability or a slight decrease in specific electric conductivity was observed (0.7 mS·mL -1
).
The introduction of sulphates or chlorides to the solution (in the conventional precipitation method) also contributed to the decrease in the acid capacity of the wastewater. It was a significant disadvantage of the process. This impeded the further stages of wastewater treatment using biological methods and had a negative effect on the biocenosis of a natural receiving pond.
Application of the proposed method of metal dissolution (with steel filling) ensured total alkalinity stability of the wastewater and sometimes even a slight increase in this parameter was observed (with 0.10-6.6 mval·L -1 ). This was undoubtedly an advantage of this method.
Another advantage of electrocoagulation and metal dissolution methods was the lack of necessity of correction of the pH, which averaged between 7.0 and 8.7 pH. This was of great importance for the further wastewater treatment processes, particularly if they were conducted with the use of microorganisms.
Secondary wastewater contamination with iron, aluminium
or calcium compounds was a fundamental problem in all precipitation methods. This problem was also present when the metal dissolution method was used. During the metal dissolution method, the iron level in treated wastewater ranged between 6.2 and 16.0 mg Fe·L -1 . More research is needed into how to limit this phenomenon. However, the metal dissolution method was undoubtedly disadvantageous because of the difficulty in controlling the metal dosing to the solution and requires more research.
Other obvious advantage of the metal dissolution method was the ability of reusing recyclable metal waste according to the current trends, as well as lower energy expenditures (in contrast to electrocoagulation processes).
